The Black-faced Spoonbill (Platalea minor) is a critically endangered species.
Introduction
For nearly 40 years, ecological indicators have gained increasing attention within the scientific community. Including birds, fish, and plants taxonomic groups have been used successfully to indicate environmental changes [1] . The Black-faced Spoonbill (Platalea minor, Temminck and Schlegel, 1849) is a medium-sized white water bird. In East Asia, Black-faced Spoonbills are migratory waterfowls in the winter season [2] - [7] .
In 1988, only 288 birds were recorded in East Asia; however, in the winter of 2018-2019, their population increased to 4463. The number of spoonbills in Taiwan has increased by more than 12.6-fold, from a minimum of 191 in 1991-1992 to a minimum of 2047 in 2018-2019 [7] [8] [9] [10] [11] . More than 50% of these birds winter regularly on the southwestern coast of Taiwan. However, in the spring of 2011 and 2018, synchronized censuses of Black-faced Spoonbills indicated that their population in Taiwan decreased by 446 (−34.8%) and 406 (−15.6%), respectively, and their population worldwide has either decreased or is stable [11] . Several researchers have suggested that factors such as climate change and habitat loss in Taiwan and the south of China may accumulate and significantly reduce the population of Black-faced Spoonbills over the next 30 years [12] [13] .
The west coast of Taiwan is ecologically distinctive with sandbars, lagoons, and salt pans along its coast in the southwest. These entities have economical fishery and ecological functions and reduce flooding [14] [15] . In 2002, various habitats emerged in salt pans after salt production was stopped. However, the salt pans now support the mangroves of the lagoon and are only used for economic fishing and oyster farming, thus neglecting the growth ignoring of salt pan aquatic plants such as Ruppia maritima (Ruppiaceae), Halophila ovalis (Hydrocharitaceae), Sporobolus virginicus (Poaceae), and Sesuvium portulacastrum (Aizoaceae) and the ecological functions.
With an increasing population of Black-faced Spoonbills, food source requirements increased. However, from 2016 to 2018, the government promoted the green power policy and approved the use of 402-ha salt pans [16] . It is therefore vital to protect habitats through the introduction of ecological corridors, comprehensive and systematic management, and resource utilization and management of wetland stakeholders [17] [18] .
The effects of climate change on the wintering distribution of an endangered migratory bird species have previously been investigated [18] . Numerous spatiotemporal variation studies have conducted long-term investigations and have accumulated information valuable for the geospatial analysis of foraging and ha- 
Materials and Methods

Bird Study Area in Cigu Salt Pan in Tainan
The Cigu salt pan, developed in 1935, was transformed into a lagoon because of land reclamation. At that time, the area was approximately 2607 ha. These low-lying lands were built with seawalls near the coast, lagoon, and river side.
The production of salt during nonrainy seasons is achieved through seawater led by gates. In rainy seasons, the production of salt is stopped, and water is drained using a pumping motor. Because salt production has ceased in the Cigu salt pan, in May 2002, only a few gates were opened in winter for fishermen. Most of the remaining gates were closed, which degraded habitats. Mollusca Didontoglossa koyasensis (Scaphandridae) was the biologically dominant benthic species [22] .
From October 2017 to October 2018, a bird study was conducted in the Cigu salt pan wetland, and strategies were proposed for habitat improvement and the conservation of Black-faced Spoonbills. We sampled seven sites and collected data once every 2 weeks ( Figure 1 ). We walked along small roads and recorded all visible bird species and their respective quantities using a single-lens telescope. We analyzed variations in the population of each species and the dominant species at each site and proposed strategies to improve habitats and protect Black-faced Spoonbills. Figure 1 . Cigu salt pan wetland in Tainan City. CG1 -CG7 were used as sampling sites during the water bird study.
Terrain Elevation and Water Depth in Cigu Salt Pan
A digital elevation model (DEM) is an ordered array of numbers that represents the spatial distribution of elevations above an arbitrary datum in a landscape. A square-grid DEM has a matrix data structure with the topographic elevation of each pixel stored in a matrix node. The grid DEM is readily available and easy to use and has been widely employed to analyze hydrologic problems [23] [24] [25] .
In this study, a terrain elevation drawing of the Cigu salt pan area in 2016 was used as a 5-m square-grid DEM [26] . We classified terrain elevation in accor- The primary purpose of this study was to estimate the impact of water depth on water birds within the study site. We used ENVI 4.8 software to classify water depths and land topography from satellite images through unsupervised classification. We defined the water depth into four classes: wet ground, 0 -0.5 m, 0.5 -1.0 m, and deeper than 1.0 m [27] . Field surveys were employed to adjust and validate the classification of results.
The water birds forage in salt pans, estuary, and harvested fishponds; however, their resting area can be divided into two types: open fields with sunshine and the downwind side of clay banks, mangroves, and shrubs that blocks the chilly northern wind during a cold current [28] . Vegetation is a crucial factor in ensuring the persistence of the water bird population. Using satellite images, land vegetation was divided into four types: dense, mid-dense, moderate, and sparse [29] . Ten classes were considered for potential usage by the water birds following the addition of a dry ground, road, and building to the four types of water depth.
Data Analysis
We analyzed our results using the subroutine of analysis of Resemblance and Cluster of the statistical package PRIMER v.5 (PRIMER-E, Plymouth, UK) [30] .
Results were considered significant when P < 0.05. Data are presented as the mean ± standard deviation.
Results
Bird Communities in Cigu Salt Pan Wetland
From October 2017 to October 2018, we conducted 24 bird surveys in the Cigu salt pan. In total, a total population of 93,614 birds of 88 species was recorded. 
Reclassification of DEM
The area of terrain elevation of the Cigu salt pan was classified using the ArcGIS respectively. Figure 6 displays the similarity of classification for each sample site. 
Classification of Water Depth
We due to the influence of the class with an elevation higher than 1 m (Figure 8 ). On March 22, 2018, the largest occupancy rate of water depth classes was 0.0 -0.5 m covering an area of 501.1 ha (28.8%). The second largest area was 454.3 ha (25.5%) with 0.5 -1.0-m elevation, and the third largest area was 334.6 ha (18.8%) with an elevation of ≥1.0 m. For each site, the largest occupancy rates of water depth classes were as follows: CG1, CG2, and CG4 in the 0.5 -0.0-m elevation group accounting for 93.9 (52.0%), 123.7 (52.3%), and 96.3 ha, respectively. CG3 and CG6 in the 1 -0.5-m elevation group accounting for 132.2 (32.9%) and 156.6 ha (54.2%), respectively. CG5 was in a group with an elevation of ≥1 m and accounted for 253.7 ha (80.9%). CG7 was a dry land group accounting for 27.6 ha (24.8%) (Figure 9 ).
On March 22, 2018, CG1, CG2, and CG4 were classified into a group with intragroup similarity accounting for 82.2% because of the influence of the 0.0 -0.5-m elevation class. CG3 and CG6 were classified into a group with intragroup similarity accounting for 76.6% due to the influence of the 0.5 -1.0-m elevation class. The dissimilarity between the two groups was 38.4% because of the influence of 0.5 -1.0-m and 0.0 -0.5-m elevation classes (51.0% and 14.3%), respectively. The dissimilarity between CG5 and forward two groups were 77.8% and 73.9%, respectively, due to the influence of an elevation of 1 m or more ( Figure 10 ).
The area similarity in water depth classification between 2017 and 2018 was 47.3% and 52.0%, respectively, because of the influence of the 0.0 -0.5-m elevation class. The dissimilarity between the two years was 47.2% due to the influence of 
Discussion
Previous and recent research on the Budai salt pan wetland has indicated that the Black-faced Spoonbill migrates to Taiwan to consume large amounts of coarse fish after harvesting in early winter [18] . In late winter, coarse fishes are reduced, and they move to estuary and intertidal zones to forage. The mullets on [31] . If Cigu salt pan habitats were improved and more juveniles were introduced, this could steadily increase the number of Black-faced Spoonbills [32] .
The Group investigations of Black-faced Spoonbills in the Cigu salt pan revealed that they were mostly concentrated in CG4. To protect this endangered species, an ecological corridor should be established on the southwestern coast and estuary of Taiwan. This will involve designating a series of sites as wildlife refuges, major wildlife habitats, nationally important wetlands, and biological protection lands, especially areas that have not been designated as national wetlands. However, in December 2016, the government started to promote Chiayi and Tainan salt pan areas as a solar photovoltaic base [16] . By the end of 2018, 202 ha in the Budai salt pan and 214 ha in the Cigu salt pan were established as a base for solar photovoltaic equipment. This is expected to have a serious effect on water birds [16] .
In 2017 and 2018, most of the Anatidae, such as Eurasian Wigeon, Northern Shoveler, and Northern Pintail, were concentrated in CG5 where water levels were deep. Small size species such as Charadriidae and Scolopacidae were concentrated in sample sites CG1, CG2, and CG6 where water levels were low ( Figure 7 and Figure 9 ). Depending on the environmental conditions of the salt pan habitats, suitable water depths, and distribution of food sources, the birds can move flexibly to feed, rest, or seek refuge in these areas [16] . Therefore, in accordance with relevant laws, the salt pans were designated as ecological conservation areas. In future ecological restoration, the existing ecological status of an area should be noted. The bird survey section of the Cigu salt pan wetland revealed that the top ten most abundant birds consisted of two species of Anatidae, two species of Ardeidae, two species of Charadriidae, two species of Laridae, and two species of Scolopacidae. This indicated that different water depths create habitat diversity.
We suggest that the government should consider the finance and implemen- For public land that has not been designated an important wetland area, we
suggest that the Tainan government should conduct public land appropriation for the rehabilitation of biodiversity habitats.
Wetland Management
Wetland Only a small land subsidy is available for the Cigu salt pan.
Second, it is recommended that the Tainan government should conduct public land appropriation of the abandoned salt pans outside the wetland area for the rehabilitation of biodiversity habitats [36] . Suitable sites should be selected and a sluice-gateway constructed for tidal waves following detailed investigation and evaluation. Several areas could be designated for natural ecology-mimicking mangrove nature parks or fish farming. The government could then hire local fishermen to participate in shallow-scale farming and patrolling; the income from farming could be used as a fund for wetland rehabilitation. This will also provide employment opportunities for local communities. The Mangrove Nature Park can provide commercial value through ecotourism and environmental education and bestow a sense of identity and honor on the community. Following the harvest, the coarse fish that live in the farmed ponds can be an excellent source of bird food. The main purpose of these abandoned salt pans is to create habitats of the highest quality to attract these birds [37] [38] [39] .
The imminent threat of climate change is causing a biodiversity crisis; thus, rehabilitating habitats in southwestern Taiwan is an urgent need. With regard to the ecological capacity of the wetland, we suggest that wetland resources should be wisely used in an inclusive manner to maintain their stability with regard to both quality and quantity, and that biological resources should be used judiciously; this means ensuring timely, fitting, moderate, and adequate sustainable utilization of the water, land, and biological resources. Korean tidal wetlands are crucial for the habitats of economic fish and migratory birds. Different forms of tidal utilization affect management strategies [40] .
Such a framework can be applied to other species and used as a reference habitat; corridor planning and shelter design for the conservation of wetlands in gap areas could improve habitat conditions and connectivity [28] [41] [42] . The same strategy may therefore yield similar results for gaps in sample sites CG2 and CG4 in the Cigu salt pan.
Black-faced Spoonbill and other water birds are maneuvering to move for food and stop habitat in each salt field according to the environmental conditions, appropriate water depth, and food distribution of each salt field habitat [43] [44] [45] . Protecting habitats is the best method to protect these birds.
Therefore, according to relevant laws and regulations, the salt field is designated as an ecological protection land, or a water gate is set to adjust the water level and improve the habitat quality. It is a direct and effective method.
